Genome of Azotobacter vinelandii: counting of chromosomes by utilizing copy number of a selectable genetic marker.
Studies utilizing several physical, biochemical and spectroscopic methods have suggested that Azotobacter vinelandii contains multiple copies (40-80) of its chromosome per cell, whereas genetic analysis indicated that these cells function like haploid cells. To further verify if A. vinelandii indeed contains 40-80 copies of its chromosome per cell, we have developed an 'in vivo chromosome counting' technique. The basic principle of this technique is to introduce the same genetic marker on the chromosome and on an extrachromosomal element of known copy number into the bacterium. The copy number of the chromosome can be determined by comparing the intensity of the hybridization signal generated by the DNA fragment carrying the chromosomal marker with that of the extrachromosomal marker when the total DNA isolated from this strain is hybridized with a probe made of the same genetic marker DNA. To do this we used an A. vinelandii BG102 strain which carries a kanamycin resistance marker gene integrated into the nifY locus on its chromosome(s). The plasmids pRK293 and pKT230, which can replicate in A. vinelandii and carry the kanamycin resistance gene (similar to the one present on the chromosome of A. vinelandii BG102), served as the extrachromosomal elements with known copy number. Southern blotting and hybridization analysis of the total DNA, isolated from A. vinelandii BG102 containing these plasmids, with a probe made of the kanamycin resistance gene clearly indicated that the copy number of A. vinelandii chromosome is slightly lower than the copy number of the low-copy plasmid pRK293 and about 21-fold lower than the copy number of the high copy plasmid pKT230. We believe that this 'in vivo chromosome counting' technique can be used for determination of the copy number of the chromosome in other cells with appropriate modifications in the nature of the extrachromosomal element and the genetic marker.